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This thesis was conducted to optimize the existing rotary compressor shaft 
with different variations. Designing three different optimized models and comparing 
each model with the existing rotary compressor shaft. The purpose of the research 
was accomplished by improving the design of the existing rotary compressor shaft by 
reducing loads on the shaft. The roller and eccentric masses of optimized model three 
were reduced to 18.95% comparing to the existing model. Optimized model three 
eccentric mass was reduced to 21.5% comparing to the existing model. Optimization 
of a rotary compressor shaft with different variations helped in selecting optimized 
model three. Further, analyzing stress variations in the shaft of each model provides 
the best design with minimum stress level. The volume was kept. constant for all the 
models. A statistical tool ANOV A was used for comparing the masses and stresses of 
the existing model with the optimized models. ANOV A and bar charts proved that the 
optimized model three masses were 18.95% lesser comparing to the existing model. 
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CHAPTER I 
INTORDUCTION 
A rotary compressor consists of a stationary cylinder, a roller and a shaft. 
The shaft has an eccentric on which the roller is mounted. The Roller compresses 
the refrigerant by pushing the refrigerant against the cylinder wall. The Roller and 
eccentric centers are away from the center of the shaft, which exerts load on the 
shaft. To counteract this load on the shaft, two counter weights are located on two 
different planes on the shaft in such a way that, the sum of the forces acting on the 
shaft are equal to zero. By increasing height of the roller will decrease the load on 
the shaft and weight of the high density counter weights, and decrease the stress 
level in the shaft. 
Any component can be designed in the designing software and analyzed 
for various factors such as stress. Designing with different variations and 
analyzing those different variations can predict the best design with least stresses. 
At the same time, this saves a lot of valuable production time and meets required 
production demand with minimal investment. This thesis discusses the design 
optimization of a rotary compressor shaft with different variations, and the stress 
analysis of each model. Comparing all the models results and specifying the best 
design. Optimization is done by increasing the height of the roller, and eccentric, 
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simultaneously reduce their diameter. This reduces the unbalanced forces on the 
shaft, reducing the material consumption and increasing !if~ of the compressor. 
Purpose of the Research 
Purpose of the research is to improve the existing rotary compressor shaft 
by reducing loads acting on the shaft. The roller, eccentric, top and bottom 
shoulder weights exerts load on the shaft. Decreasing load on the shaft can 
improve the life of the existing rotary compressor shaft. This can be done by 
optimization of the existing rotary compressor shaft. Optimization of a rotary 
compressor shaft with different variations helps in selecting optimal design. 
Further, analyzing stress variations in the shaft and roller of each model provides 
the best design with minimum stress level. Optimization is done by increasing the 
height of the roller in three increments. The volume is kept constant for all the 
three models. A statistical tool ANOVA is used to compare all the models mass 
values and stress values. 
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Figure I: Cut Open View of a Rotary Compressor 
Source: Tecumseh Products India Private Limited, Balanagar, A.P. India. 
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Rotary Compressor Shaft Figure 
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Figure 2. Rotary Compressor Shaft with Eccentric, Top and Bottom Shoulder 
A rotary compressor shaft figure was presented, in order to get general 
idea about the shaft. One end of the shaft consists of eccentric, top and bottom 
shoulders as shown in figure. As per Tecumseh Compressor Company, this shaft 
is made up of ductile iron castings and it is used in 22K model compressors. 
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Objectives of the Research 
The objectives of the research are listed below: 
1. To analyze existing rotary compressor design and stress analysis of 
existing rotary compressor design to find out current loads and 
stress acting on the shaft. 
2. Design an optimized rotary compressor shaft, to reduce mass of the 
eccentric and roller, to reduce stresses in the shaft, and to maintain 
swept volume constant. 
3. Stress analysis of optimized rotary compressor shaft to find out 
stress level in the optimized shaft. 
4. Compare the results of existing design and optimized design by 
using a statistical tool ANOVA and bar charts. 
• Null hypothesis: stresses and masses of all the models are 
equal. 
• Alternate hypothesis: at-least two models of the optimized 
rotary compressor shafts stresses and masses are lesser 
comparing to the existing rotary compressor shaft stresses 
and masses. 
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Assumptions 
The following are the assumptions taken as per analysis software 
• Considering the shaft material as linear material. Stress is directly 
proportional to its strain in linear material. 
• Assuming zero effect of temperature on the shaft. 
• Assuming shaft material as homogeneous, because its properties 
do not change all over the volume of the part. 
• Assuming the shaft material is Isotropic, because its properties are 
identical in all the directions. 
Definition of Terms 
Cylinder: It acts as a casing; roller rotates in the cylinder to complete the 
compression process. The refrigerant is compressed in between the cylinder and 
roller. 
Shaft: The shaft is supported in the bearing on two sides and carries electric 
motor on one end of the shaft. On other end of the shaft, eccentric is mounted in 
such a way that center of the shaft is away from the center of the eccentric. 
Roller: It is placed over the eccentric. When the eccentric rotates about its 
axis, then roller moves inside the cylinder for performing suction and 
compression process. 
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Eccentric: It is a mass mounted on the shaft whose center is away from the 
center of the shaft. Eccentric looks like a cam on the cam-shaft. 
Electric Motor: It provides power to the shaft, to rotate the shaft about its 
axis. Armature of the electric motor is mounted on the shaft and surrounded by a 
magnetic core. Electrical motor converts the electrical energy into mechanical 
rotation of the shaft. 
Swept volume of the compressor: Swept volume is the volume present in 
between the outer circumference of the roller and inside circumference of the 
cylinder. By keeping swept volume constant means not affecting the refrigerant 
mass flow of rotary compressor. 
Compressor 
/ 
-------.:... 
e 
O.Df2 I.Del 
2 
Figure 3. Line Diagram of the Rotary Compressor Chamber 
Swept volume of the compressor is 
(it/4) (I.Di - O.Dr') x h, (I.I) 
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Inside diameter of the compressor is equal to twice the sum of eccentric and 
outside radius of the roller. 
I.De= 2[e + O.D,] (1.2) 
Stress: It is defined as load acting on a particular unit area (Karl K. 
Stevens, 1987, p. 252). 
Strain: It is defined as ratio of deformed length by original length of a 
linear material (Karl K. Stevens, 1987, p. 252). 
Young modulus: It.is one of the properties of material that expresses the 
material stiffness (Karl K. Stevens, 1987, p. 252). 
Poisson's ratio: According to Karl K. Stevens, the tensile or compressive 
tests can be used for identify the Poisson's ratio. Suppose, a metal strip is 
subjected to tangential or compressive load then the Poisson's ratio for that metal 
strip is calculated by a ratio of change in length of the strip in transverse direction 
to the change in length of the metal strip in longitudinal direction. For isotropic 
material, the Poisson's ratio is irrespective of direction and considers transverse 
strain. Poisson's ratio for structural metal varies from 0.27 to 0.35 (Karl K. 
Stevens, 1987, p. 252). 
Tensile yield strength: It is defined as maximum tensile stress that can be 
applied without crossing specified permanent strain after unloading (Karl K. 
Stevens, 1987, p. 252). 
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Tensile ultimate strength: The maximum tensile stress that a material will 
endure without failure or fracture. 
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CHAPTERII 
REVIEW OF LITERATURE 
Literature related to this research is reviewed in this section. And also 
background of Ansys software and Rotary compressor. 
Literature Review 
The performance of a rolling piston compressor has been optimized under 
preset operational conditions and design constraints by employing a multi-
variable, direct search, constrained optimization techniques. Researcher K.T. 
Ooi, initially developed a model by mathematical calculations and his model 
shows geometrical consideration, thermodynamic effects, flow and mechanical 
considerations. He optimized the model by a combination of six design 
dimensions and seven sets of constrains. For each design, researcher tried all the 
dimensions combination along with constrains and selected the best design with 
maximum performance and least mechanical loss. Finally, in his thesis, he found 
that a proper combination of design dimension are required for given compressor 
swept volume, to improve the performance of the compressor by reducing 
mechanical losses up to 50%. 
Jenkins, Stewart A, are also contributed their efforts for investing 
compressor performance and reliability. Rotary compressors used R12 as 
refrigerant but R12 is proven harmful for the ozone layer and environment, so 
refrigerant has to change from R12 to environmental friendly refrigerant such as 
HFC. This raised a problem in the performance of the rotary compressor. 
Manufacturer has to change their line of production of compressors and its 
lubrication system. This is a big task that has to be completed accurately in the 
shortest possible time. Jenkins, Stewart A, designed a model by keeping all above 
criteria's in mind and model was designed by considering thermodynamic, fluid 
dynamic, heat transfer and dynamic principles. Researchers also designed a 
generic wear model for the vane. 
Finally, the model was designed by predicting the changes in compressor 
operating conditions to reduce the affect of specific failure mechanism. 
Comparison of the model predictions and the experimental data indicates that the 
model accurately predicts the refrigerant flow rate, refrigerant capacity and 
volumetric efficiency. The researchers' models are helpful to predict energy 
efficiencies rate, refrigerant capacity, steady state temperature distribution and 
vane wear. 
Man Hoe KIM and Clark W. Bullard (2002), designed a model for 
analyzing thermal performance of a small hermetic refrigeration and air-
conditioning compressors. Researchers made some assumptions while designing 
this model and they are pressure loss along the path of the refrigerant is zero and 
compression process is isentropic. Researcher adopted standard method of 
calculating the compressor work. In this method, the compressor work is 
calculated based on compressor efficiencies. In one approach, researchers 
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developed a linear relationship between discharge and shell temperature by using 
large data sets, and applied this data to the model to calculate the discharge 
temperature. In another approach, researchers conducted an experimental 
observation and analyzed that specific volume at the suction and discharge port of 
the cylinder has linear relationship with the specific volumes at the compressor 
suction and discharge. Based on these criteria, researcher developed a model 
using physical principles and experimental observations predicted the mass flow 
rate and power consumption within ±3.0% accuracy. 
Shuangquan Shao, Wenxing Shi, Xianting Li, and Huajun Chen, have done 
research work to analyze the performance of variable speed compressor for 
inverter air conditioner based on the experimental data. Researchers found out 
performance ofa compressor by using Coefficient of performance (COP), which 
is expressed as COP= Q/P = M vhe/ 3.6P. Where, Mis refrigerant mass flow 
rate, P is power input, and vhe is enthalpy difference between outlet and inlet of 
evaporator (KJ/Kg). Researchers also consider the concepts of frequency at zero 
mass flow rate and power i~put. According to the researchers COP rises when 
there is an increase in evaporation temperature and decrease in condensation 
temperature. Based on above criteria researcher designed the model and increased 
the COP by running the compressor at basic frequency. 
Review of literature clearly explores design facts of rotary compressor and 
provides an idea about sound research. Literature review explains clearly that a lot 
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of research is being conducted to improve the existing rotary compressor by 
considering different approaches. Finally, there is an immediate need for 
improving the existing system. 
Background of ANSYS Software 
According to ANSYS, Inc. Products, Ansys software is the leading 
software used for simulation. This software package performs finite element 
analysis for checking various physical aspects. Doing analysis for complex part 
geometry is very difficult because calculating geometry of the complex shape is 
hard. This software divides the complex component into thousands of fine 
elements like cubes, finding geometry of cube is very easy and simple. Ansys 
software applies a load on the individual cube elements, then calculates the 
deformation and stresses by adding up all the individual cube elements results, 
and helpful in predicting stress level in particular area of the complex design. This 
software is used in almost all the areas such as mechanical, civil, electrical, 
physical and chemical departments. Some of the important analysis features of 
ANSYS software are structural analysis, thermal analysis, fluid analysis, magnetic 
analysis, couple field analysis and vibration analysis. 
13 
Historical Background of Rotary Compressor 
The rotary compressors were widely used for small capacity refrigerating 
systems such as Domestic refrigerators, Home freezers and Air conditioners. 
Domestic refrigerators consist of a compressor, condenser, expansion value and 
evaporator. Refrigerant circulates in a closed system and refrigerant flow is 
enhanced because of difference in refrigerant temperatures at different stages. 
Initially the refrigerant is compressed in the rotary compressor converting low 
pressure and high temperature refrigerant into high pressure refrigerant. The high 
pressure refrigerant then passes into a condenser where its temperature is reduced 
by indirectly interacting with air or water. This high pressure and low temperature 
refrigerant then passes through expansion value where it loses its pressure. Then 
this refrigerant passes through the evaporator,_further loses its pressure and 
expands in the evaporator to collect the heat from the evaporator area. This is the 
area where a refrigerator has cooling effect. After collecting heat from this area, 
low pressure and low temperature refrigerant converts into low pressure and high 
temperature refrigerant completing one cycle. In this way, the refrigerant in the 
closed system collects heat from one part and is released at another part of closed 
system. 
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CHAPTER III 
METHODOLOGY 
Research design has been explained in this section. Mathematical 
calculations and results of stress analysis of all models are explained. 
Objectives of the Research 
The research objectives are listed below: 
1. To analyze existing rotary compressor design and stress analysis of 
existing rotary compressor design to find out current loads and 
stress acting on the shaft. 
2. Design an optimized rotary compressor shaft, to reduce mass of the 
eccentric and roller, to reduce stresses in the shaft and to maintain 
swept volume constant. 
3. Stress analysis of optimized rotary compressor shaft to find out 
stress level in the optimized shaft. 
4. Compare the results of existing design and optimized design by 
using a statistical tool ANOV A and bar charts. 
• Null hypothesis: stresses and masses of all the models are equal. 
• Alternate hypothesis: at-least two models of the optimized rotary 
compressor shafts stresses and masses are lesser comparing to 
the existing rotary compressor shaft stresses and masses. 
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Research Design 
Analysis of existing rotary compressor design through mathematical 
calculations provides in-depth information about various loads acting on the shaft 
(such as load of counter weights, eccentric and roller). Then performing stress 
analysis to find out stress levels in the shaft. 
As per Tecumseh Compressor Company, this existing shaft is made up of 
ductile iron castings and it is used in 22K model compressors. The existing design 
is optimized by increasing height of the roller. Mathematically designing three 
models with small increments in height and investigating the results by keeping 
swept volume constant for all the three models. For model one, height of the roller 
is increased from 1.475 to 1.535 inch (about 0.06 inch). For model two, the height 
is increased from 1.535 to 1.595 inch. For model three, the height is increased 
from 1.595 to 1.655 inch. Designed the shaft and eccentric in Inventor software 
and analyzed the design by using ANSYS software. Performing the stress analysis 
for each optimized model to know the stress level. A statistical tool AN OVA is 
used to compare the optimized models with the existing model. Advantages of 
optimal design are lower product development costs, shorter design cycle, 
reduced unbalanced forces and less material consumption. 
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Modeling the Shaft in Inventor Software 
This designing software was used for generating CAD model of rotary 
compressor shaft and roller. Also used for stress analysis of the rotary compressor 
shaft. Shaft has eccentric, top and bottom shoulder on it. All this acts as a single 
component. Basic steps for creating rotary compressor shaft in inventor software 
are, draw the largest diameter circle and extrude it. It looks like a solid cylinder. 
Select the face of the solid shaft and draw a circle in such a way that its center of 
axis is away from the center of the solid cylinder. And extrude up to 7.6 inch 
towards the solid shaft. Now, it looks like shaft with step cut on it. Select the 
same face again and draw a circle in such a way that it center of axis is away from 
the center of the eccentric (big circle drawn in the beginning) about 0.199 inch. 
And Extrude up to 1.4 inch in other direction of the solid cylinder. Now, it looks 
like a shaft with cam on it. Similarly, select the other face of the solid shaft and 
draw a circle. Then extrude up to 0.32 inch. Now shaft has shoulder on one side. 
Similarly, draw a circle and extrude it to other side, now shaft has shoulder on 
both sides. 
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Figure 4. Shows Extrusion of Top Shoulder 
Basic steps involved in doing the stress analysis are 
1. Design the shaft in inventor software. 
2. Enter into stress analysis application. 
3. Select shaft material as ductile iron. 
4. Apply the body load on the shaft. 
5. Apply fixed constrains to both ends of the shaft. 
6. Set the mesh value 100 to obtain accurate stress values. 
7. Import to ANSYS and check the results. 
8. Note the values of equivalent stress, maximum principle stress, minimum 
principle stress, deformation and factor of safety. 
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ANOVA (Analysis of Variance) 
ANOV A is a statistical tool used for analyzing the vanance and 
comparing more than two population means. According to Ruth Meyer, David 
Krueger, there are different types of ANOV A such as 
• One factor analysis of variance 
• Two factor analysis of variance 
• Analysis of variance for balanced design 
One factor analysis of variance deals with variances based on one factor 
and two factor analysis of variance deals with variances based on balanced design 
with fixed factors. Analysis of variance of balanced designs deals with variances 
based on balanced multifactor designs. 
For this thesis, Analysis of variance of balanced design is perfect 
statistical tool because the stress analysis of each design has different stress (such 
as equivalent stress, maximum principal stress, and minimum principle stress). 
This statistical tool can be used to compare the stresses of the existing rotary 
compressor shaft with the optimized rotary compressor shafts. 
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CHAPTERIV 
FINDINGS AND DATA ANALYSIS 
Mathematical calculations and stress analysis of all models were explained 
in this chapter. 
Objective 1: Analyze existing rotary compressor design and stress analysis of the 
existing rotary compressor design to find out current loads and stresses in the 
shaft. 
Mathematical Calculations for Existing Rotary Compressor 
The following are the dimensions of the existing rotary compressor as per 
Tecumseh Product Private limited. 
Outside diameter (D,) = 2.279 inch 
Inside diameter ( d,) = 1.684 inch 
Height of the roller (h,) = 1.475 inch 
Eccentric Diameter (De) = 1.681 inch 
Eccentric length (Le) = 0.7375 inch 
Diameter of the concentric hole (D1) = 0.417 inch. 
Diameter of the larger eccentric hole (D2) = 0.24 7 inch. 
Diameter of the smaller hole (D3) = 0.159 inch 
Shoulder radius (r,) = 0.728 inch 
Shoulder outside diameter (D,0 ) = 1.456 inch 
Shoulder inside diameter (D,;) = 0.417 inch 
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Roller: 
Height of the shoulder 
Ductile Iron density (p) 
Dimensions of the roller are as follow 
Outside diameter (D,) = 2.2790 inch 
Inside diameter (d,) = 1.6840 inch 
Length of the roller (L,) = 1.475 inch 
Roller volume 01,) = roller area x height 
= (7t/4) (D2 - d2) X h 
= 0.325 inch 
= 0.286 
= (7t/4) (2.27902 - 1.68402) X 1.475 
= 2.7316 inch' 
Roller mass (m,) = roller volume x density 
= 2.7316 X 0.289 
= 0.789 lb 
Eccentric: 
Eccentric Diameter De = 1.6810 inch 
Eccentric length he= 0.7375 inch 
Eccentric volume 01 e) = (7t/4) D2 x he 
= (7t/4) X 1.6810 X 0.7375 
= 1.564 inch' 
(2.1) 
(2.2) 
(2.3) 
Eccentric mass (me)= actual eccentric volume x eccentric density (2.4) 
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Bottom Shoulder: 
= 1.564 X 0.289 
= 0.452 lb 
Bottom shoulder diameter (D,0 ) = 1.456 inch 
Height of the bottom shoulder (hb) = 0.35 inch 
Bottom shoulder volume CV,)= (ir/4) (1.4562) x 0.35 
= 0.577 inch' 
(2.5) 
Bottom shoulder mass (M,) = Actual bottom shoulder volume x density (2.6) 
Top Shoulder: 
= 0.577 X 0.289 
=0.166lb 
Top shoulder diameter (D,0 ) = 1.356 inch 
Height of the top shoulder (Li)= 0.35 inch 
Top shoulder volume CV,)= (ir/4) (1.352) x 0.35 
= 0.464 inch' 
(2.7) 
Top shoulder mass (M,) = Actual top shoulder volume x density (2.8) 
= 0.464 X 0.289 
= 0.134 lb 
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Table 1: Model One Findings 
O.D I.D Height Volume Mass 
(inch). (inch) (inch) (inch3) Densitv (lb) 
Roller 2.279 1.684 1.475 2.730251882 0.289 0.789043 
Eccentric 1.644 0.7375 1.564715223 0.289 0.452203 
Top 
shoulder 1.3 0.35 0.4643275 0.289 0.134191 
Bottom 
Shoulder 1.45 0.35 0.577661875 0.289 0.166944 
Stress Analysis of the Existing Rotary Compressor Shaft 
Objective 1: Stress analysis of the Existing rotary compressor shaft to find out 
stress level in the optimized shaft. 
J\NSYSu. 
Author MSUUser 
First Saved Friday, November 07, 2008 
Last Saved Friday, November 07, 2008 
Product Version 11.0 Internal 
Table 1: Units 
Unit System U.S. Customary (in, Ihm, !bf, °F, s, V, A) 
Angle Degrees 
Rotational Velocity rad/s 
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Figure 5. Existing Rotary Compressor Shaft Model 
Table 2: Geometry of the Existing Rotary Compressor Shaft 
Model > Geometry > Parts 
Object Name Existing.ipt 
State Meshed 
Granhics Properties 
Visible Yes 
Transparency 1 
Definition . 
Suppressed No 
Material Ductile Iron 
Stiffness Behavior Flexible 
Nonlinear Material Effects Yes 
Bounding Box 
LengthX 1.644 in 
Length Y 1.644 in 
LengthZ 9. in 
Prope~i_es .... 
Volume 7.0564 in' 
Mass 1.8114 lbm 
CentroidX -2.1677e-018 in 
CentroidY -0.15179 in 
CentroidZ -1.8387 in 
Moment oflnertia Ipl 12.064 lbm·in2 
Moment of Inertia Ip2 12.055 lbm·in2 
Moment of Inertia Ip3 0.29152 lbm·in2 
Statistics 
··•·· .. · 
Nodes 2561 
Elements 1321 
The shaft is created in the inventor software, and then it is imported to the 
ANSYS software for stress analysis. The rotary compressor shaft has an eccentric, 
top and bottom shoulder. Both ends of the shaft are constrained by fixed 
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constraints and rotated about 3000 rpm under body load to verify the various 
stresses ( equivalent stress, maximum principal stress, minimum principle stress, 
and deformation) in the shaft. 
Table 3: Material Properties of the Existing shaft 
Ductile Iron > Constants 
Structural 
Young's Modulus 2.4366e+007 psi 
Poisson's Ratio 0.29 
Density 0.25671 lbm/in' 
Tensile Yield Strength 48153 psi 
Tensile Ultimate Stren&!h 67298 psi 
Thermal ' 
' 
,, 
Thermal Conductivity 2.8087e-004 BTU/s·in·°F 
Specific Heat 0.12887 BTU/lbm·°F 
The above table shows material properties of the ductile material 
om,•--o::::=::::::S◄!OO(n) 
2.<nJ 
Figure 6. Mesh View of the Existing Rotary Compressor Model 
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Table 4: Mesh Properties of the Existing shaft 
Model> Mesh 
Object Name Mesh 
State Solved 
Defaults 
Physics Preference Mechanical 
Relevance 100 
Advanced 
Relevance Center Coarse 
Element Size Default 
Shape Checking Standard Mechanical 
Solid Element Midside Nodes Program Controlled 
Straight Sided Elements No 
Initial Size Seed Active Assembly 
Smoothing Low 
Transition Fast 
Statistics 
Nodes 2561 
Elements 1321 
Fineness of the mesh defines accuracy of the results; coarse mesh 
produces less number of nodes and elements that gives inaccurate results whereas -
fine mesh produces more number of nodes and elements to give accurate results. 
Calculating the stress in the complicated component design is much harder 
because it is hard to find geometry of the design. Meshing the component is the 
solution for this condition. Meshing the component means dividing the 
component into predefined cubes elements. This component has fine meshing. 
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Table 5: The Existing Shafts Static Stress Analysis 
Model > Analysis 
Object Name Static Stress 
State Fully Defined 
Defi:gition 
"""'>.· 
Physics. Type Structural 
Analysis Type Static Structural 
Options . 
Reference Temp 71.6 °F 
The above table shows that static stress option has been selected for 
performing this stress analysis. The state is fully defined by selecting physical 
type as structural and analysis type as static structural. 
Table 6: The Existing Shaft Analysis Settings 
Model > Static Stress > Analysis Settings 
Object Name Analysis Settings 
State Fully Defined 
~-~•'·'·'' ' ;"\'"'• .,. Step ·eontrols St~::;t: 
-· Number Of Steps I. 
Current Step Number I. 
Step End Time ·l.s 
Auto Time Stepping Program Controlled 
Solver Controls · .
. ··· 
Solver Type Program Controlled 
Weak Springs Program Controlled 
Large Deflection Off 
Inertia Relief Off 
N11nli11e:1r .. €ontrols. ~'~t\1;~: ... ;:;',; ' . . .· •.,,•!.': .•ri, • 
Force Convergence Program Controlled 
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. 
,. ' 
29 
Moment Convergence Program Controlled 
Displacement Program Controlled Convergence 
Rotation Convergence Program Controlled 
Line Search Program Controlled 
Output Controls 
Calculate Stress Yes 
Calculate Strain Yes 
Calculate. Results At All Time Points 
Analysis Data Management 
Solver Files Directory F:\inventor\inventor\results\existing Simulation Files\Static Stress\ 
Future Analysis None 
Save ANSYS db No 
Delete Unneeded Files Yes 
Nonline!jr Solution No 
"""' ·.. ,} ,~, 
y 
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Figure 7. Rotational Velocity of the Existing Rotary Compressor Model 
Table 7: Properties of Rotational Velocity 
Model > Static Stress > Rotations 
Object Name Rotational Velocity 
State Fully Defined 
Scllpe .•. .. , .. ;'· ··••.• 
Geometry All Bodies 
Definition 
Define By Components 
XComponent 0. rad/s (ramped) 
YComponent 0. rad/s (ramped) 
Z Component -314.16 rad/s (ramped) 
X Coordinate -4.7897e-017 in 
Y Coordinate -0.152 in 
Z Coordinate -1.8425 in 
Suppressed No 
FIGURE 1 
Model >. Static Stress > Rotational Velocity 
I. 
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·SO, -
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·150, -
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Figure 8. Rotational Velocity Graph of the Existing Rotary Compressor 
The above graph shows rotational velocity is increasing from O to 314.16 rad/sec. 
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Figure 9. Fixed Constraint View of the Existing Rotary Compressor Model 
Table 8: Properties of Loads 
Model > Static Stress > Loads 
Object Name Fixed Constraint I 
State Fully Defined 
Scope 
~. 
Scoping Method Geometry Selection 
Geometry 2 Edges 
Definition 
Define By Components 
Type Displacement 
XComponent 0. in (ramped) 
YComponent 0. in (ramped) 
ZComponent 0. in (ramped) 
Suppressed No 
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FIGURE2 
Model> Static Stress> Fixed Constraint 1 
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0,25-
0,125-
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I, 
Figure 10. Fixed Constraint Graph of the Existing Rotary Compressor 
The above graph shows that fixed constraint is constant along the axis and 
there is no change in it along the axis. 
Table 9: Status of Results 
Model > Static Stress > Solution 
Object Name Results 
State Solved 
Adaptive Mesh Refinement 
" : ,, >Ji{;' ' 
... 
Max Refinement Loops I. 
Refinement Depth· 2. 
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Table 10: Status of Solution Information 
Model> Static Stress> Results> Solution Information 
Object Name 
State Solved 
Solution Information . 
Solution Output Solver Output 
Newton-Raphson Residuals 0 
Update Interval 2.5 s 
Display Points All 
Table 11: Results of the Existing Model 
Model> Static Stress> Results> Results 
Object Equivalent Stress Maximum Name Principal Stress 
State Solved 
Scope 
~ 
Geometry All Bodies 
Defniitfon .. .·· t 
Type Equivalent (von- Maximum Mises) Stress Principal Stress 
Display End Time Time 
Res.JIits . . .. ,' 
Minimum 1.0457 psi -13.955 psi 
Maximum 201.77 psi 229.73 psi 
Information 
Time l.s 
Load Step 1 
Substep I 
Iteration I Number 
Minimum Deformation Principal Stress 
. 
-
. 
.•;•• 
. 
Minimum !Total 
Principal Stress i Deformation 
... ,· 
.. ' 
-173.58 psi 0. in 
24.702 psi l .6908e-005 in 
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The result table shows maximum and minimum values of the equivalent 
stress, maximum principal stress, minimum principal stress and deformation in 
the existing rotary compressor shaft. 
Table 12: Results of Force and Moment Reactions 
Model> Static Stress> Results> Probes 
Object Name Fixed Constraint I Reaction Fixed Constraint I Reaction Force Moment 
State Solved 
Defmition 
Type Force Reaction Moment Reaction 
Location Method Boundary Condition 
Boundary Fixed Constraint I Conc!ition 
Options :. . 
Result Selection All 
Display Single Time Point 
Display Time · End Time 
Result§ 
.-::'· . . .< 
XAxis -1.1918e-003 !bf 48.786 lbf·in 
Y Axis -6.6358e-003 !bf -1.600 I e-002 lbf·in 
ZAxis 2.6278e-008 !bf 5.6016e-005 lbf·in 
Total 6.742e-003 !bf 48.786 lbf·in 
The above table shows force reaction and moment reactions have been 
solved. The values of force reaction and moment reactions along X, Y, Z axis 
were tabulated in the table. 
... 
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Model One (Optimized Rotary Compressor Shaft) Calculations 
Objective 2: Design an optimized rotary compressor shaft 
• To reduce mass of the eccentric and roller 
• To reduce stresses in the shaft 
• To maintain swept volume constant 
Model One Calculations 
Swept volume of the compressor is the volume present in between the 
cylinder and outer circumference ofroller. Optimization is conducted by keeping 
swept volume of the compressor constant and thereby not affecting the refrigerant 
mass flow. 
Swept volume of the compressor is 
(7t/4) (I.De' - O.D,2) x h, (2.9) 
Inside diameter of the compressor is equal to twice the sum of eccentric and 
outside radius of the roller. 
I.De= 2[e + O.D,/2] 
Eccentricity and outside diameter of the roller are 0.199 and 2.279 
I.De= 2[0.199 + (2.279/2)] 
= 2.677 inches 
Swept volume of the cylinder is (ir/4) [(I.De' - O.D,2)] x h, 
= (it/4) (2.6772 - 2.2792) X 1.475 
= 2.285 inch' 
(2.10) 
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Keeping the swept volume constant, finding the outside diameter of the roller 
by increasing height from 1.475 to 1.535 inch (about 0.06 inch). 
2.285 = (ir/4) [(I.De' - O.D/)] x h, 
2.285 = (ir/4)[4(e + O.D, /2)2-O.D/] 
2.285 = (ir/4) [ 4 e2 + 4 ex O.D/- O.D/] x h, 
2.285 = it [e2 +ex O.D,] x h, 
2.285 = it e [e+ O.D,] x h, 
O.D,= [2.285/ (it x ex h,)] - e 
O.D, = [2.285/ (it x 0.199 x 1.535)]- 0.199 
= 2.182 inch 
Thickness of the roller is equal to 
O.D, - I.D, = 0.595 
I.D,= O.D, - 0.595 
I.D,= 2.182 - 0.595 
= 1.587 inch 
Roller: 
Dimensions of the roller are as follow 
Outside diameter (D1) = 2.182 inch 
Inside diameter (d) = 1.587 inch inch 
Height of the roller (h) = 1.535 inch 
(2.11) 
(2.12) 
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Roller volume ('I,)= roller area x height 
= (ir/4) (D2 - d2) x h 
= (ir/4) (2.182 2 - 1.587 2) X 1.535 
= 2.7035 inch' 
Roller mass (m,) = roller volume x density 
= 2.7035 X 0.289 
= 0.781 lb 
Eccentric: 
The roller and eccentric has clearance of 0.04 inch as per Tecumseh 
Diameter of the eccentric is equal to inside diameter of the roller minus clearance. 
Therefore, diameter of the eccentric (D) = I.D,- 0.04 
= 1.587 - 0.04 
= 1.547inch 
Height of the bottom shoulder is equal to height of the top shoulder. 
Therefore, height of the eccentric (he) is equal to height of the roller minus heights 
of the top and bottom shoulders. 
Eccentric volume ('10) = (ir/4) D2 x he 
= (ir/4) X J.5472 X 0.767 
= 1.4416 inch' 
Eccentric mass (me)= eccentric volume x eccentric density 
= 1.2859 X 0.289 
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= 0.3716 lb 
Inside diameter of the cylinder= 2e + O.D, 
Bottom Shoulder: 
= (2 X 0.199) + 2.182 
= 2.58 inch 
Bottom shoulder diameter (D,0 ) = 1.45 inch 
Height of the Bottom shoulder= 0.3 inch 
Bottom shoulder volume (V,) = (7t/4) (1.452) x 0.35 
= 0.577 inch3 
Bottom shoulder mass (M,) = bottom shoulder volume x density 
= 0.577 X 0.289 
= 0.167 lb 
Top Shoulder: 
Top shoulder diameter (D,0 ) = 1.3 inch 
Height of the top shoulder= 0.35 inch 
Top shoulder volume (V,) = (7t/4) (1.32) x 0.35 
= 0.4645 inch3 
Top shoulder mass (M,) = top shoulder volume x density 
= 0.4645 X 0.289 
= 0.1342 lb 
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Table 13: Model One Findings 
O.D I.D Height Volume Mass 
(inch) (inch) (inch) (inch3) Density (lb) 
Roller 2.182759 1.5878 1.535 2.7033 0.289 0.781257 
Eccentric 1.547759 0.768 1.4433 0.289 0.417112 
Top shoulder 1.3 0.35 0.4643 0.289 0.134191 
Bottom 
Shoulder 1.45 0.35 0.5777 0.289 0.166944 
Model one optimized rotary compressor shaft have maintained constant 
swept volume and reduce mass of the eccentric and roller but stress level was 
increased. 
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Objective 3: Stress analysis of an optimized rotary compressor shaft to find out 
stress level in the optimized shaft. 
Results of stress analysis of optimized Model 1 ( of Rotary compressor 
Shaft) in ANSYS software were tabulated in table. 
Table 14: Mesh properties of the optimized model one 
Model> Mesh 
Object Name Mesh 
State Solved 
Defaults: ;, 
' 
Physics Preference Mechanical 
Relevance 100 
Adv'aiicid .T~. > ' 
Relevance Center Coarse 
Element Size Default 
Shape Checking Standard Mechanical 
Solid Element Midside Nodes Program Controlled 
Straight Sided Elements No 
Initial Size Seed Active Assembly 
Smoothing Low 
Transition Fast 
Statistics 
Nodes 4505 
Elements 2436 
The optimized model one has 4505 number of nodes and 2436 number of 
elements. Mesh relevance was set to 100 to get accurate results. 
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Table 15: Results of the optimized model one 
Model > Static Stress > Results > Results 
Object 
Name 
State 
Type 
Display 
Time 
Results 
''""' 
Maximum Minimum Equivalent Stress Deformation Principal Stress Principal Stress 
Solved 
Equivalent (von-
Mises) Stress 
End Time 
Maximum Minimum Total 
Principal Stress Principal Stress Deformation 
Minimum 0.43457 psi -15.607 psi -173.6 psi 0. in 
Maximum 
Information 
',", >,,:" ::;:-: ' 
Time 
Load Step 
Substep 
Iteration 
Number 
214.68 psi 
1.s 
I 
1 
1 
247.71 psi 23.855 psi 1.5751e-005 in 
The result table shows maximum and minimum values of equivalent 
stress, maximum principal stress, minimum principal stress and deformation in 
the existing rotary compressor shaft. 
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Model Two (of the Optimized Rotary Compressor Shaft) 
By using equation number one, the roller outside diameter can be known 
O.D, = [2.285/ (1t x ex h,)] - e (2.11) 
In model two, swept volume was kept constant and the height was increased from 
1.535 to 1.595 inch 
O.D, = [2.285/ (1t x 0.199 x 1.595)] -0.199 
= 2.0931inch 
Thickness of the roller is equal to 
O.D, - I.D, = 0.595 
I.D,= O.D, - 0.595 
I.D,= 2.0931- 0.595 
= 1.4982 inch 
Roller: 
Dimensions of the roller are as follow 
Outside diameter (D1) = 2.0931inch 
Inside diameter ( d) = 1.4982 inch inch 
Height of the roller (h) = 1.595 inch 
Roller volume 01 ,) = roller area x height 
= (7t/4) (D2 - d2) X h 
= (7t/4) (2.093 J2 - J.4982 2) X J.595 
= 2.6755 inch' 
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Roller mass (m,) = roller volume x density 
= 2.6755 X 0.289 
= 0.77321 lb 
Eccentric: 
The roller and eccentric have clearance of 0.04 inch as per Tecumseh. 
Diameter of the eccentric is equal to inside diameter of the roller minus clearance. 
Therefore, diameter of the eccentric= I.D,- 0.04 
= 1.4982 - 0.04 
= 1.458 inch 
Height of the bottom shoulder is equal to height of the top shoulder. 
Therefore, height of the eccentric (he) is equal to height of the roller minus heights 
of the top and bottom shoulders. 
Eccentric volume (V 0) = (it/4) D2 x he 
= (it/4) X J.4582 X 0. 798 
= 1.3 31 inch' 
Eccentric mass (m0) = eccentric volume x eccentric density 
= 1.331 X 0.289 
= 0.3846 lb 
Inside diameter of the cylinder= 2e + O.D, 
= (2 x 0.199) + 2.093 I 
= 2.491 inch 
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Bottom Shoulder: 
Bottom shoulder diameter (D,0 ) = 1.05 inch 
Height of the Bottom shoulder=· 0.325 inch 
Bottom shoulder volume (V,) = (7r/4) (1.052) x 0.325 
= 0.2813 inch' 
Bottom shoulder mass (M,) = bottom shoulder volume x density 
= 0.2813 X 0.289 
= 0.0812 lb 
Top Shoulder: Top shoulder diameter (D,0 ) = 0.942 inch 
Height of the top shoulder= 0.325 inch 
Top shoulder volume (V,) = (7r/4) (0.9422) x 0.325 
= 0.2264 inch' 
Top shoulder mass (M,) = top shoulder volume x density 
= 0.2264 X 0.289 
= 0.0654 lb 
Table 16: Model Two Findings 
O.D I.D Height 
Cinch) (inch) (inch) 
Roller 2.0931 1.4982 1.595 
Eccentric 1.4581 0.798 
Top 
shoulder 0.942 0.325 
Bottom 
Shoulder 1.05 0.325 
Volume 
(inch3) 
2.6755 
1.3311 
0.2264 
0.2813 
Densitv 
0.289 
0.289 
0.289 
0.289 
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Mass 
lib) 
0.77321 
0.38469 
0.06542 
0.08128 
Stress Analysis of the Optimized Model 2 (of Rotary compressor 
Shaft) in ANSYS Software 
Table 17: Mesh properties of the Optimized Model Two 
Model> Mesh 
Object Name Mesh 
State Solved 
Defaults;:.: 
, . ', . ,,f 
. t, > ::·:un . :,; . . 'f'.;; . •.·· 
Physics Preference Mechanical 
Relevance 100 
Adfa"iiced "' ·' ''i ;y :, ... . .... 
Relevance Center Coarse 
Element Size Default 
Shape Checking Standard Mechanical 
Solid Element Midside Nodes Program Controlled 
Straight Sided Elements No 
Initial Size Seed Active Assembly 
Smoothing Low 
Transition Fast 
Statistics 
.. 
·: .. 
Nodes 5308 
Elements 2901 
Above table shows mesh relevance is I 00 and physical preference 
mechanical. The optimized model two has 5308 number of nodes and 2901 
number of elements. 
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Table 18: Results of the Optimized Model Two 
Model > Static Stress > Results > Results 
Object Equivalent Stress Maximum Name Principal Stress 
Statt;: Solved 
, '"-\c'Y\-•1c,: > 
. :.: ::,,; . .. Scope . 
----'-----'-'-''" ' 
Geometry All Bodies 
Minimum Deformation Principal Stress 
"_,;::,::;::;" ' ," 
. ..•. 
D~ftriitiJn . •:c ;;;'_./0,:,,oi'.L<,::·,, ,,:;:;:. .. ·.· ··.: [$ .;o: '/ 
···. 
Type Equivalent (von- Maximum Minimum Total Mises) Stress Principal Stress Principal Stress Deformation 
Display End Time Time 
Re~ults:: . ." .. :; ; ; ; . ·/:.;· ·. . . M" :.',.: hii ; ;,, :. ,,, 
Minimum 0.70582 psi -17.7psi -127.49 psi 0. in 
Maximum 200.54 psi 231.57 psi 20.542 psi 1.5061e-005 
m 
Information ,:, ·. . .... ; 
Time 1.s 
Load Step I 
Substep I. 
Iteration I Number 
The result table shows maximum and minimum values of equivalent 
stress, maximum principal stress, minimum principal stress and deformation in 
the existing rotary compressor shaft. 
;.: 
. 
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Model Three (of Optimized Rotary Compressor Shaft) 
By using equation number one, the roller outside diameter can be known 
O.D, = [2.285/ (1t x ex h,)] - e (2.11) 
In model three, swept volume was kept constant and the height was increased 
from 1.595 to 1.655 inch 
O.D, = [2.285/ (1t x 0.199 x 1.655)] - 0.199 
= 2.010 inch_ 
Thickness of the roller is equal to 
O.D, - I.D, = 0.595 
I.D,= O.D, - 0.595 
I.D,= 2.010 - 0.595 
= 1.415 inch 
Roller: 
Dimensions of the roller are as follow 
Outside diameter (D1) = 2.010 inch 
Inside diameter ( d) = 1.415 inch inch 
Height of the roller (h) = 1.655 inch 
Roller volume (V ,) = roller area x height 
= (7t/4) (D2 - d2) x h 
= (1t/4) (2.0102 - J.415 2) X J.655 
= 2.647 inch' 
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Roller mass (m,) = roller volume x density 
= 2.647 X 0.289 
= 0.7651 lb 
Eccentric: 
The roller and eccentric have clearance of 0.04 inch as per Tecumseh. 
Diameter of the eccentric is equal to inside diameter of the roller minus clearance. 
Therefore, diameter of the eccentric= I.D,- 0.04 
= 1.415 - 0.04 
= 1.375 inch 
Height of the bottom shoulder is equal to height of the top shoulder. 
Therefore, height of the eccentric (he) is equal to height of the roller minus heights 
of the top and bottom shoulders. 
Eccentric volume (V 0) = (it/4) D2 x he 
= (it/4) X J.3752 X 0.828 
= 1.228 inch' 
Eccentric mass (me) = eccentric volume x eccentric density 
= 1.228 X 0.289 
= 0.3549 lb 
Inside diameter of the cylinder= 2e + O.D, 
= (2 X 0.199) + 2.010 
= 2.408 inch 
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Bottom Shoulder: 
Bottom shoulder diameter (D,0) = 1.029 inch 
Height of the Bottom shoulder= 0.3 inch 
Bottom shoulder volume (V,) = (n/4) (1.0292) x 0.3 
= 0.2494 inch' 
Bottom shoulder mass (M,) = bottom shoulder volume x density 
= 0.2494 X 0.289 
= 0.0720 lb 
Top Shoulder: 
Top shoulder diameter (D,0 ) = 0.924 inch 
Height of the top shoulder = 0.3 inch 
Top shoulder volume (V,) = (n/4) (0.9242) x 0.3 
= 0.2011 inch' 
Top shoulder mass (M,) = top shoulder volume x density 
= 0.2011 X 0.289 
= 0.0581 lb 
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Table 19: Model three Findings 
O.D I.D Height Volume Mass 
(inch) (inch) (inch) (inch3) Density (lb) 
0.76517 
Roller 2.0100634 1.4151 1.655 2.6477 0.289 2 
0.35496 
Eccentric 1.3750634 0.828 1.2282 0.289 1 
Top 0.05810 
shoulder 0.924 0.3 0.2011 0.289 8 
Bottom 0.07206 
Shoulder 1.029 0.3 0.2494 0.289 4 
Stress Analysis of the Optimized Model 3 ( of Rotary compressor Shaft) in 
ANSYS Software 
Table 20: Mesh Properties of the Optimized Model Three 
Model> Mesh 
Object Name Mesh 
State Solved 
Defaults. 
Physics Preference Mechanical 
Relevance 100 
Advanced ,, . 
Relevance Center Coarse 
Element Size Default 
Shape Checking Standard Mechanical 
Solid Element Midside Nodes Program Controlled 
Straight Sided Elements No 
Initial Size Seed Active Assembly 
Smoothing Low 
Transition Fast 
Statistics 
Nodes 8268 
Elements 4539 
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Mesh relevance was set to 100 to get accurate results. Above table shows 
mesh relevance is 100 and physical preference mechanical. The optimized model 
two has 5308 number of nodes and 2901 number of elements. 
Table 21: Results of the Optimized Model Three 
Model > Static Stress > Results > Results 
Object . !Maximum Minimum Deformation Name Eqmvalent Stress Ip . . 1 Str Principal Stress , nnc1pa ess 
State Solved 
Scope .. 
.· 
•. . .. :".· . .:< ..· .• 
Geometry All Bodies 
Definition 
·' 
Type Equivalent (von- Maximum Minimum Total Mises) Stress Principal Stress Principal Stress Deformation 
Display End Time Time 
Results 
Minimum 0.78365 psi -16.005 psi -135.13 psi 0. in 
Maximum 196.24 psi !226.66 psi 24.884 psi 1.369e-005 in 
lnformidion 
. ·. . 
Time l.s 
Load Step 1 
Substep 1 
Iteration 1 Number 
The result table shows maximum and minimum values of the equivalent 
stress, maximum principal stress, minimum principal stress and deformation in 
the existing rotary compressor shaft. Maximum equivalent stress (196.24 psi) of 
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the optimized model three is lesser than maximum equivalent stress of the 
existing rotary compressor shaft. 
Objective 4: Compare the results of the existing design and optimized design by 
using a statistical tool ANOV A 
Analysis of Stresses of different models using ANOV A 
Table 22: Different stresses of all the models 
Models Stress 
Values Different Models Different Stresses 
Optimized Model one 
Equivalent stress 214.680 1 
Optimized Model one 
Max. principle stress 247.710 1 
Optimized Model one 
Min. principle stress 23.855 1 
Optimized Model two 
Equivalent stress 200.540 2 
Optimized Model two 
Max. principle stress 231.57 2 
Optimized Model two 
Min. principle stress 20.542 2 
Optimized Model three 
Equivalent stress 196.240 3 
Optimized Model three 
Max. principle stress 226.600 3 
Optimized Model three 
Min. principle stress 24.884 3 
Existing model 
Equivalent stress 201.770 4 
Existing model 
Max. principle stress 229.730 4 
Existing model 
Min. principle stress 24.702 4 
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1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
Null hypothesis: stresses in all the models are equal. Alternate hypothesis: 
at-least two models of the optimized rotary compressor shafts stresses are lesser 
comparing to the existing rotary compressor shaft stresses. 
Using Minitab software, this ANOV A problem was solved and results were 
presented here 
Table 23: Stress Values versus Different Models, Different Stresses 
Factor Type Levels Values 
Models Fixed 4 1,2,3,4 
Different Stress Fixed 3 I, 2, 3, 
Table 24: Analysis ofVariance for Stress Values 
DF ss MS F p 
Source 3 302 101 3.63 0.084 
Models 2 103386 51693 1864.03 0.00 
Error 6 166 28 
Total 11 103854 
S = 5.26610, R-Sq = 99.84%, R-Sq (adj)= 99.71 % 
The F value is 3.63, and the p value is 0.084 is less than alpha value 8.845 
at 0.05 confidence level. 
Therefore, reject the null hypothesis (stresses in all the models are equal) and 
accept the alternate hypothesis (at-least two models of optimized rotary 
compressor shafts stresses are lesser comparing to the existing rotary compressor 
shaft stresses). Scatter plot compares different stresses of all models at different 
stress values. 
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Scatterplot of Stress values vs Different Stress 
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Figure 11. Comparison of Stresses of Different Models at Different Stress levels 
Black dot shows the optimized model one's equivalent stress, max 
principal stress, and min principal stress. 
Red square shows the optimized model two's equivalent stress, max 
principal stress, and min principal stress. 
Green symbol shows the equivalent stress, max principal stress, and min 
principal stress of the optimized model three. 
Blue triangle shows equivalent stress, max principal stress, and min 
principal stress of the existing model. 
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Optimized model three has minimum stresses compare to the existing 
model. 
Comparison of Shaft Deformation Values for all the Models 
Table 25: Shaft deformation values 
Existing Optimized Optimized Optimized 
Model Mass Model one Model two Model three 
DEFORMATION l.69E-05 l.58E-05 l.51E-05 l.37E-05 
Shaft Deformation Value 
1.B0E-05 ,---,:-------------.1 
□ Shaft 
Deformation 
Value 
1.60E-05 
1.40E-05 +-U1li'''·•f-c--l 
1.20E-05 
1.00E-05 
8.00E-06 
6.00E-06 +-J,iI,;+---1 
4.00E-06 _]__Ji 
2.00E-06 
0.00E+00 +-~~--.-~~~~~--,-~~---; 
§ 
-~ ~ 15 
.!/l o E 
X :a! O 
w 'a; 
"lJ 
"lJ " c:: Q) C: .Q 
.tl O 15 E - c:: 
·- ~ t: 15.oo 
0 :=i '.@ 
Figure 12. Comparison Graph of Shaft Deformation 
The above graph clearly shows reduction in the deformation of the shaft of 
the optimized models decreased compared to the existing model. Optimized 
model one 6.5%, optimized model two 10.6% optimized model three 18.9% 
deformation is reduced compared to the existing model deformation. 
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Analysis of Masses of Different Models Using ANOV A 
Table 26: Mass values of the roller, eccentric, top and bottom shoulder 
Models Components Mass 
Values Different Different 
(lb) Models Masses 
Existing model Roller mass 
0.789 I I 
Existing model Eccentric mass 
0.452 I 2 
Existing model Top shoulder mass 
0.134 I 3 
Existing model Bottom shoulder 
mass 0.166 I 4 
Optimized model Roller mass 
one 0.781 2 I 
Optimized model Eccentric mass 
one 0.417 2 2 
Optimized model Top shoulder mass 
one 0.065 2 3 
Optimized model Bottom shoulder 
one mass 0.084 2 4 
Optimized model Roller mass 
two 0.773 3 I 
Optimized model Eccentric mass 
two 0.384 3 2 
Optimized model Top shoulder mass 
two 0.065 3 3 
Optimized model Bottom shoulder 
two mass 0.081 3 4 
Optimized model Roller mass 
three 0.765 4 I 
Optimized model Eccentric mass 
three 0.354 4 2 
Optimized model Top shoulder mass 
three 0.058 4 3 
Optimized model Bottom shoulder 
three mass 0.072 4 4 
The Statistical tool AN OVA is used for comparing the masses of different 
models. Null hypothesis: the roller, eccentric, top and bottom shoulder masses in 
all the models are equal Alternate hypothesis: at-least two models of the 
optimized roller, eccentric, top and bottom shoulder masses are lesser comparing 
to the existing roller, eccentric, top and bottom shoulder masses. 
Table 27: Mass Values versus Different Models, Different Masses 
Factor Tvoe Levels Values 
Models Fixed 4 1,2,3,4 
Different Stress Fixed 4 1,2,3,4 
Table 28: Analysis of Variance for Mass Values 
DF ss MS F p 
Source 3 0.0121 0.00404 11.54 0.002 
Models 3 1.277 0.42582 1216.04 0.00 
Error 9 0.003 0.00035 
Total 15 1.292 
S = 0.0187127, R-Sq = 99.76%, R-Sq (adj)= 99.59% 
The F value is 11.54, and the p value is 0.00 is less than tabulated F value 
14.336 at 0.025. 
Therefore, reject the null hypothesis (the roller, the eccentric, the top and 
bottom shoulder masses in all the models are equal) and accept the alternate 
hypothesis (at-least two models of the optimized roller, eccentric, top and bottom 
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shoulder masses are lesser comparing to the existing roller, eccentric, top and 
bottom shoulder masses). 
0.8 
0.7 
0.6 
0.5 
Mass values 0.4 
0.3 
0.2 
0.1 
0 
Comparison of Masses 
Existing 
Model 
□ Top Shoulder 
Mass 
□ Bottom 
Shoulder Mass 
Optimized Optimized Optimized 
Model One Model Two Model Three 
Models 
Figure 13. Comparison Graph of Masses of Different Models 
The percentage reduction in total mass (including the roller, eccentric, top and 
bottom shoulder mass) of the optimized model three was 18.95% compare to the 
existing design. 
The percentage reduction in eccentric mass of the optimized model three was 
21.5% compare to the existing model. 
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CHAPTERV 
Conclusions and Future Suggestions 
Conclusion 
The purpose of the research was accomplished by improving the existing 
rotary compressor shaft by reducing loads on the shaft. After analyzing all the 
optimized models, the optimized model three masses were reduced to 18.9% 
compared to the existing model. The optimized model three eccentric mass was 
reduced to 21.5% comparing to the existing model. Optimization of a rotary 
compressor shaft with different variations helped in selecting the optimal model. 
Further, analyzing stress variations in the shaft of each model provides the best 
design with minimum stress level. A statistical tool ANOV A was used for 
comparing the masses and stresses of the existing model with the optimized 
models. ANOV A and bar charts explained that, the optimized model two and 
three masses and stresses were lesser compared to the existing model. Optimized 
model one 6.5%, optimized model two 10.6% optimized model three 18.9% 
deformation is reduced compared to the existing model deformation. 
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Future Suggestions 
The vibration analysis provides valuable information about the natural 
frequency of each component in the rotary compressor. This analysis will be 
helpful in predicting best material for different components of the compressor. 
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Appendix-A 
Different Stress values of all models are compared by ANOV A in Minitab 
Software 
64 
65 
Data Display 
Stress Different 
Row values Models Stress 
1 214.680 1 1 
2 247. 710 1 2 
3 23.855 1 3 
4 200.540 2 1 
5 231. 570 2 2 
6 20.542 2 3 
7 196.240 3 1 
8 226.600 3 2 
9 24.884 3 3 
10 201. 770 4 1 
11 229.730 4 2 
12 24.702 4 3 
MTB > ANOVA 'Stress values' Models 'Different Stress' 
ANOVA: Stress values versus Models, Different Stress 
Factor Type Levels Values 
Models fixed 4 l,• 2,. 3, 4 
Different Stress fixed 3 1, 2, 3 
Analysis of Variance for Stress values 
Source DF ss MS F p 
Models 3 302 101 3. 63 0.084 
Different Stress 2 103386 51693 1864. 03 0.000 
Error 6 166 28 
Total 11 103854 
S - 5.26610 R-Sq 99.84% R-Sq (adj) 99. 71% 
MTB > 
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Figure 11. Comparison of Stresses of Different Models at Different Stress Level 
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Appendix-B 
Different mass values of all the models are compared by ANOV A as per Minitab 
Software 
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Data Display 
Mass Different 
Row Values Model Masses 
1 0.789 1 1 
2 o. 452 1 2 
3 0.134 1 3 
4 0.166 1 4 
5 0.781 2 1 
6 o. 417 2 2 
7 0.065 2 3 
8 0.084 2 4 
9 0.773 3 1 
10 0.384 3 2 
11 0.065 3 3 
12 0.081 3 4 
13 0. 765 4 1 
14 0.354 4 2 
·15 0.058 4 3 
16 0.072 4 4 
MTB > ANOVA 'Mass Values'= Model 'Different Masses'. 
ANOVA: Mass Values versus Model, Different Masses 
Factor Type Levels Values 
Model fixed 4 1, 2, 3, 4 
Different Masses fixed 4 1, 2, 3, 4 
Analysis of Variance for Mass Values 
Source OF ss MS F p 
Model 3 0.01213 0.00404 11. 54 0.002 
Different Masses 3 1.27745 
Error 9 0.00315 
Total 15 1. 29273 
S - 0. 0187127 R-Sq - 99.76% 
MTB > Histogram 'Mass Values'; 
SUBC> Bar. 
0.42582 1216. 04 0.000 
0.00035 
R-Sq(adj) 99.59% 
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Appendix-C 
Stress variation of the existing model is shown in the figures 
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Appendix-D 
Stress variation of the optimized model one is shown in the figures 
:j. ppa 9;03 AM 
·.~ ,- 0-2~4-~'~,ax 
too;ae 
/lJ7.0? 
fj4a.2.7 
,, ;;tJ9,46 
95,656 
~, ··y1~a5: 
.., ,4e:04s 
,, 24,24 
• 0.43451 M"m 
-15.607Min 
0,000 
0,000 
74 
y 
4.000 (In) t 
Z~X 
2,000 
y 
4,ooo On) 1 
z~x 
2,000 
t.7irt,~~~r~stress\ -:>· #f: 
Type'.,Mirilmum Prine;ipal Stress 
Unit psi 
TI@e:;1 
11/1 d/iQOB.9:05 AM 
23.855Max 
1 .. 9149 
-20:025 
-41.964 
-63.904 
,85.8H 
-107.78 
-129.72 
-151.66 
-17a.6Min 
. ;/!)j0:N3'\i+::;,_ 
DefOrrilation 
Type:TQtal Deformation 
Uriftin, 
TI_me:;1J;. _ 
11f1on0089:05AM 
1.5l51e-5 Max 
1:40CJ1e-5 
1.2251e-5 
1.0501 e-5 
8:75058-6 
7,00048·6 
5,2503e-6 
3.5002e•6 
1.75018·6 
OMin 
0.000 
0.000 
75 
4.ooo On) 
2.000 
4.000 Qn) 
2.000 
,');;_ . 
safety Factor 
TYPii: Safety Fattor Ttl1)ti;:1:4;:·,' 
1111 obiioa 10:47AM 
~ 15_Mi1X 10 •• 5 1 0 
0.000 
76 
y 
4.000 (In) t z.,,,,,,......,. X 
2.000 
77 
Appendix-E 
Stress variation of the optimized model two is shown in the figures 
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Appendix-F 
Stress Variation of the optimized model three is shown in the figures 
EquMllenl Stress 
Type~~QuN3Ie:r1_t ~-n-Mises) Str:e§s 
U~!fi,P!'J i;• 
Tirne::~- "" 
11/10/200810:10 AM 
191t24Max 
17452 
152.81 
1'l,l,,09 
109.37 
87.653 
65.936 
44.219 
22.501 
0.78365Min 
0.000 
Max J.>rim:ipal Stress. 
tfri _ unJ f;lrinclpal stfeSS'. u ;,'{""·" 
Tim1f1 
11110/2008 1 Q:11 AM 
.,;i, 
226J,6Ma:ic 
199.7 
'1,72:74 
14~'77 
118.81 
911847 
64.884 
37.921 
10.95B 
-16,005 M'm 
0.000 
82 
4.ooo On) 
2.000 
y 
4.ooo On) t ,,,.,,,......x 
2.000 
MilURllllTI Principal siress 
Type: t?¥nlmum Principal Stress 
Unit.:p,;i ,;.· 
Time: 1 · " 
11110/200810:11 AM 
24,884Max 
7.1048 
·10.674 
-28.454 
•46'233 
-64.012 
-81.791 
-99:57 
-117.35 
-135.13 Min 
Osfo,rmation 
1:-v_i:,e;;Tptarbetormalion 
U_nit-tn·· 
Timei1 
111101,008 10:11 AM 
"~ 
1.369e-5 Max 
1.2169e-5 
1.0648e-5 
9.f267e-6 
,7,6055e-6 
6.0B44e-6 
4,56338·6 
3.0422e-6 
1.5211 e-6 
OMin 
0.000 
0.000 
83 
4.ooo On) 
2.000 
y 
4.ooo On) t z,.,,,.....__ X 
2.000 
Safety Factor 
Type:·.s~fetf Factor. 
nme:t 
11/10/200810:11 AM 
0.000 
2.000 
84 
4.000 Qn) 
